INTRODUCTION
Tribe Senecioneae is notorious for its size and diversity. With more than 3,000 species in ca. 150 genera (Nordenstam, 2003b (Nordenstam, , 2007 , it is the largest tribe in Asteraceae and harbors one of the largest genera of flowering plants: Senecio (ca. 1,250 species; Nordenstam, 1978 Nordenstam, , 2007 Jeffrey, 1986 Jeffrey, , 1992 Bremer, 1994; Coleman & al., 2003) . Senecioneae exhibits enormous variation in life-history strategies and morphology. Many species are annual or perennial herbs. Others are shrubs, vines, trees, or epiphytes. The remarkable morphological variation is especially apparent in leaf shape, indument, inflorescence type, and flower color (Barkley, 1978) . Senecioneae has an almost cosmopolitan distribution with its primary centers of diversity in southern Africa (ca. 700 species) and South America (ca. 1,300 species). Its species occur in almost all environments. They grow in aquatic to desert habitats, from low altitudes to alpine communities, and from arctic regions to tropical areas. Despite the enormous diversity of this tribe, most taxa can be identified relatively easily as members of Senecioneae by the possession of capitula with a usually uniseriate involucre. Other characteristics of this tribe are the presence of eremophilane and furanoeremophilane sesquiterpenes and pyrrolizidine alkaloids of the macrocyclic senecionine type (Bremer, 1994; Kadereit & Jeffrey, 1996; .
A large volume of literature has been published describing, classifying, and discussing the morphological and ecological diversity in Senecioneae (e.g., De Candolle, 1838; Harvey, 1865; Bentham, 1873a, b; Hoffmann, 1890; Greenman, 1903; Muschler, 1909; Small, 1919; Cabrera, 1939 Cabrera, , 1949 Cabrera, , 1985 Cuatrecasas, 1950 Cuatrecasas, , 1951 Nordenstam, 1977 Nordenstam, , 1978 Nordenstam, , 2007 Cabrera & Zardini, 1980; Jeffrey & Chen, 1984; Jeffrey, 1986 Jeffrey, , 1992 Bremer, 1994; Shishkin, 1995 ). Yet, a comprehensive view of the evolutionary Senecioneae is the largest tribe of Asteraceae, comprised of ca. 150 genera and 3,000 species. Approximately one-third of its species are placed in Senecio, making it one of the largest genera of flowering plants. Despite considerable efforts to classify and understand the striking morphological diversity in Senecioneae, little is known about its intergeneric relationships. This lack of phylogenetic understanding is predominantly caused by conflicting clues from morphological characters, the large size of the tribe, and the absence of a good delimitation of Senecio. Phylogenetic analyses of nrITS and plastid DNA sequence data were used to produce a hypothesis of evolutionary relationships in Senecioneae and a new, monophyletic, delimitation of Senecio. The results of separate and combined phylogenetic analyses of the two datasets were compared to previous taxonomic treatments, morphological and karyological data, and biogeographic patterns. These studies indicate that the subtribal delimitation of Senecioneae needs to be revised to reflect exclusively monophyletic subtribes. This would involve abolishing subtribes Adenostylinae, Blennospermatinae, and Tephroseridinae and recognizing subtribes Abrotanellinae, Othonninae, and Senecioninae. Moreover, Tussilagininae may need to be split into three or four subtribes: Brachyglottidinae, Chersodominae, Tussilagininae, and perhaps Doronicinae. On the intergeneric level, these phylogenies provide new insights into evolutionary relationships, resulting in a first approximation of a comprehensive phylogeny for the tribe. Most species currently assigned to Senecio form a well supported clade. Thus, a new delimitation of Senecio is proposed, which involves transferring the species of Aetheolaena, Culcitium, Hasteola, Iocenes, Lasiocephalus, and Robinsonia to Senecio and removing several Senecio groups that are only distantly related to the core of Senecio. Area optimization analyses indicate a strong African influence throughout the evolutionary history of Senecioneae, predominantly in subtribes Senecioninae and Othonninae.
KEYWORDS: molecular phylogenetics, Senecio, Senecioneae, taxonomy relationships in the tribe is still lacking. On the basis of shared morphological and karyological characteristics, Senecioneae has been subdivided into assemblages of genera, but it is largely unknown if these reflect evolutionary lineages. Many of these assemblages are referred to as informal groups of genera (e.g., Jeffrey, 1979 Jeffrey, , 1986 Jeffrey, , 1992 , however the larger assemblages have been given taxonomic status as subtribes (e.g., Nordenstam, 1977; Bremer, 1994) . Both the number of subtribes recognized and their circumscription and delimitation have changed considerably over time (Bremer, 1994) . Since the recent overview of the tribe by Bremer (1994) , Senecioneae is often classified into three subtribes: Blennospermatinae, Senecioninae, and Tussilagininae (Bremer, 1994; Panero & al., 1999; Bain & Golden, 2000; Pelser & al., 2002) . Blennospermatinae is the smallest subtribe, composed of three or four genera (Robinson & al., 1997; Swenson & Bremer, 1999) , and is considered the sister group to the two larger subtribes (Bremer, 1987 (Bremer, , 1994 Knox & Palmer, 1995; Swenson & Bremer, 1997; but see Álvarez Fernández & al., 2001) . While the monophyly of Senecioninae and Tussilagininae was supported in Bremer's morphological cladistic analysis (1994) , other phylogenetic studies using molecular data indicated that Senecioninae is paraphyletic (Knox & Palmer, 1995) or were inconclusive regarding the monophyly of both subtribes (Kadereit & Jeffrey, 1996) . Intergeneric relationships within Senecioneae are also largely unknown. With the exception of Bremer (1994) , Kadereit & Jeffrey (1996) , and Bain & Jansen (2006) , intergeneric relationships in Senecioneae have only been studied within the context of resolving phylogenies of select genera or sections of Senecio (Bain & Jansen, 1995; Knox & Palmer, 1995; Sang & al., 1995; Knox, 1996; Swenson & Bremer, 1997 , 1999 Panero & al., 1999; Bain & Golden, 2000; Álvarez Fernández & al., 2001; Comes & Abbott, 2001; Pelser & al., 2002; Coleman & al., 2003; Swenson & Manns, 2003; Wagstaff & Breitwieser, 2004; Kadereit & al., 2006; Liu & al., 2006; Wagstaff & al., 2006) with all of the datasets analyzed in the aforementioned studies containing relatively few Senecioneae genera and species. The lack of knowledge about generic-level evolutionary relationships in Senecioneae is closely tied to the tribe's largest taxonomic problem: obtaining a monophyletic delimitation of Senecio (Bremer, 1994) . Previous studies demonstrated that, in its present delimitation and despite substantial efforts by synantherologists, Senecio is para-or poly-phyletic (Knox & Palmer, 1995; Kadereit & Jeffrey, 1996; Pelser & al. 2002) . Assessing the limits of this large genus is a problem that can only be tackled with a broad phylogenetic analysis of the tribe.
The aim of this study was to produce a comprehensive molecular phylogenetic hypothesis for Senecioneae and to use it to test and revise the subtribal classification of Senecioneae, to clarify intergeneric relationships, and to produce a new delimitation of Senecio. For this purpose, DNA sequence data of the ITS region and several plastid regions (ndhF gene; trnL intron; psbA-trnH, 5′ and 3′ trnK, and trnL-F intergenic spacers) were analyzed. These markers were selected on the basis of their merit in resolving phylogenetic relationships on the infra-and inter-generic level in previous studies in Senecioneae (e.g., Panero & al., 1999; Bain & Golden, 2000; Álvarez Fernández & al., 2001; Pelser & al., 2002 Pelser & al., , 2004 Coleman & al., 2003; Swenson & Manns, 2003; Wagstaff & Breitwieser, 2004) .
MATERIAL AND METHODS
To make full use of the large number of Senecioneae DNA sequences generated in previous studies, the datasets analyzed in our study are composed of sequences obtained from GenBank as well as newly generated data, either by ourselves or generously made available by others (Appendix in Electronic supplement). For several species, sequences of multiple accessions were available. In a first set of heuristic searches under maximum parsimony (MP, see below), all available sequences were included. When multiple accessions of the same species or intraspecific taxon formed a monophyletic group and sequence dissimilarity was low, a consensus sequence was generated for subsequent phylogenetic analyses. This was done by replacing nucleotides at polymorphic positions with ambiguous bases in the consensus sequence. This strategy was chosen to reduce computational time by reducing the size of the datasets. It was preferred over selecting only a single conspecific accession to be used in our analyses to be able to include all available data potentially contributing to the phylogeny reconstruction of a taxon.
The evolutionary relationships in Senecioneae were examined using four datasets. The first dataset (dataset 1) is composed of ITS sequences of 614 Senecioneae species (Appendix in Electronic supplement), representing 114 of 150 Senecioneae genera recognized by Nordenstam (2007) , with as many sections and other infrageneric species assemblages of Senecio as possible. This resulted in the inclusion of 186 Senecio species, spanning the majority of taxonomic groups (e.g., De Candolle, 1838; Harvey, 1865; Hoffmann, 1890; Greenman, 1903; Muschler, 1909; Cabrera, 1939 Cabrera, , 1949 Cabrera, , 1985 Cuatrecasas, 1950 Cuatrecasas, , 1951 Cabrera & Zardini, 1980; Jeffrey, 1986 Jeffrey, , 1992 Shishkin, 1995) . In addition, 16 species from six tribes of Asteroideae and Corymbioideae (sensu Funk & al., 2005) were included to assess the monophyly of Senecioneae.
A subset of 73 species from dataset 1 was used to construct datasets 2, 3, and 4. The representative species were selected from the major clades resolved by the ITS data using dataset 1, and lineages that are of special relevance for redefining Senecio, for example groups of Senecio species for which ITS data only indicated a distant relationship to the core of Senecio. Dataset 2 contains only ITS sequences for the 73 species. Dataset 3 is composed of plastid sequences only (ndhF gene, trnL intron, psbAtrnH, 5′ and 3′ trnK, and trnL-F intergenic spacers), and dataset 4 is a combined ITS and plastid dataset. ITS data indicated that Doronicum is either sister to the remainder of Senecioneae or more distantly related to the tribe. A representative of this genus (D. pardalianches) was used as the outgroup in analyses of datasets 2, 3, and 4. within a relatively short period of time. It was therefore unnecessary to find MPTs using Ratchet and Driven Search analyses. Bootstrap support (Felsenstein, 1985) with Poisson independent reweighting (1,000 replicates) was calculated for all four datasets with TNT using the Driven Search option.
Prior to the BI analyses, MrModeltest 2.2 (Nylander, 2004) was employed to select substitution models for the ITS and plastid partitions. Indel characters were included as "Restriction" type data in the BI analyses. These analyses were performed using two independent simultaneous runs. The Markov Chain Monte Carlo analyses (MCMC; Geyer, 1991) were run with six chains per analysis and one tree per 1,000 generations saved. BI analyses were run until the average deviation of split frequencies between both simultaneous analyses reached a value below 0.01. The burn-in values were determined empirically from the likelihood values. With these settings, however, the BI analysis of dataset 1 did not converge within the maximum available analysis time on the computer cluster of 240 hours. In an effort to enhance the efficiency of the analysis, we experimented with decreasing the temperature difference between the chains and/or increasing the number of chains following the recommendations in the MrBayes manual. Because runs with various temperature settings and number of chains still did not result in convergence within 240 hours, we supplied the BI analysis with the MP 50% majority rule consensus topology of dataset 1 as a user-defined starting tree. Each chain was then started with a slightly perturbed version of this starting tree by setting the parameter nperts at 1. This may reduce the time until convergence, because the analysis starts with a "good" tree instead of a random tree. Ultimately, convergence was reached in 224 hours when a user-defined starting tree was used in combination with a temperature setting of 0.0001 and employing 40 chains per simultaneous analysis.
To study patterns of geographic distribution in Senecioneae, the general distribution of the included species was optimized onto the cladograms resulting from the phylogenetic analyses of dataset 1. This area optimization Subtribe Abrotanellinae (Abrotanella [20: Wagstaff & al., 2006] ) Doronicum (27: Álvarez Fernández & al., 2001) Raoulia -Gnaphalieae
Argyrotegium -Gnaphalieae

Pycnosorus -Gnaphalieae
Pachystegia -Astereae
Celmisia -Astereae
Bellis -Astereae
Inula -Inuleae
Dimorphotheca -Calenduleae
Calendula -Calenduleae
Corymbium -Corymbieae -Corymbioideae Didelta -Arctoteae -Cichorioideae s.str. Table 1 was carried out under MP with the "Trace" routine in MacClade v.4.06 (Maddison & Maddison, 2003) . Eight areas were defined for this area optimization analysis: (1) North America and Mexico, (2) Central America, (3) the Caribbean, (4) South America, (5) Europe and the Mediterranean Basin (the countries included in EURO + Med area: http://www.euromed.org.uk), (6) sub-Saharan Africa, (7) Continental Asia, Taiwan and Japan, and (8) Australasia and the Pacific. In order to avoid the area optimization analysis being misguided by the effects of including taxa that are only distantly related to Senecio neae, representatives from other tribes were excluded from the area optimization analysis. Also Doronicum species were excluded from this analysis, because of uncertainty regarding its phylogenetic position (Álvarez Fernández & al., 2001; Goertzen & al., 2003; Panero, 2005) .
RESULTS
Dataset 1. -The ITS alignment of dataset 1 contains 642 accessions representing 614 Senecioneae species and 16 species from other tribes, and has a total length of 1,197 bp of which 588 are variable and 512 are potentially parsimony informative. A total of 491 indels were coded of which 235 are potentially parsimony informative. The total number of informative characters in dataset 1 is 747.
All three search strategies employed to find MPTs resulted in more than 10,000 shortest trees of length 8,664 (consistency index, CI: 0.21; retention index, RI: 0.83; rescaled consistency index, RC: 0.17). The analyses performed in TNT, however, were much more efficient in finding these trees than the other two approaches. Within minutes, TNT hit the first MPT, whereas the Ratchet analysis in PAUP* first found a tree of length 8,664 at the 25th iteration (20 min), and the modified traditional search in PAUP* only encountered the first tree of this length after more than 2,000 random sequence replicates (ca. 127 hrs of computing time). For this comparison of efficiency, analyses for all three strategies were run on desktop computers (Apple iMac with 1 GHz G4 processor and 768 MB Ram, and Dell Optiplex GX620 with 3.8 GHz Pentium 4 processor and 3.5 GB Ram). The 50% majority rule consensus tree that resulted from the parsimony analyses in TNT is presented in Fig. 1 .
The general time reversible model with invariant sites and a gamma distribution (GTR + I + G) was selected for our ITS dataset by the hierarchical likelihood ratio tests and Akaike information criterion in MrModeltest. BI analyses were run for 1,899,000 generations before the average deviation of split frequencies of both runs reached a value below 0.01. A total of 800,000 generations were discarded as burnin. The 50% majority rule consensus tree of the Bayesian analysis is not presented, but incongruence between the topologies of the MP and BI consensus trees is outlined in Figs. 1 and 3 and Table 1 . None of the incongruence found between these two cladograms was supported by both high bootstrap support (BS) values ( > 75%) and posterior probabilities (PP; ≥ 0.95).
Although both the MP and BI consensus trees indicate that Senecioneae is monophyletic, they provide little nodal support ( < 50%) for the hypothesis that Doronicum and Abrotanella are part of this tribe (Fig. 1A) . The remainder of the Senecioneae clade is, however, well supported in both trees. The relationships among the primary clades in the consensus trees lack bootstrap support and are incongruent between the MP and BI trees. This predominantly affects the relationships between clades of taxa traditionally assigned to subtribes Tussilagininae. Relationships within the main clades show very different levels of resolution and support. Among the clades that are most strongly supported are the Aequatorium-Arnoglossum (Fig.  1B) , Gynuroid (Fig. 1J) , Senecio s.str. (Fig. 1G) , Senecio arnaldii-Pseudogynoxys (Fig. 1K) , Tussilago-Homogyne (Fig. 1B) , and Quadridentate (Fig. 1F) clades.
Datasets 2, 3, and 4. -The alignment length and number of variable and potentially parsimony informative characters of datasets 2, 3, and 4 are presented in Table 2 . Table 3 reports the number and length of the MPTs found in the MP searches and their CI, RI, and RC values. The 50% majority rule consensus trees of the MP analyses of datasets 3 and 4 are shown in Fig. 2 . Because of more complete taxon sampling, we believe cladograms constructed from the larger 643-taxon ITS dataset (dataset 1) are a better representation of the phylogenetic information than those of the 73-taxon ITS dataset (dataset 2). Cladograms obtained from analyses of dataset 2 are, therefore, not presented here.
MrModeltest selected the GTR + I + G model for all three datasets. Details of the results of the analyses are summarized in Table 3 ; BI consensus trees are not presented, but incongruences are highlighted (Figs. 2, 3; Table  1 ). As with dataset 1, incongruence between the results of the MP and BI analyses is never strongly supported.
The intergeneric relationships are generally well supported, especially in the tree inferred from the com- bined data (Fig. 2B) 
DISCUSSION
Monophyly and phylogenetic position of tribe Senecioneae in subfamily Asteroideae. -Traditionally, Senecioneae has been placed sister to Calenduleae (Bayer & Starr, 1998) . This view was supported by chloroplast restriction site data (Jansen & al., 1991) and ITS sequence data (Goertzen & al., 2003) . However, DNA sequence data of the trnL intron and trnL-F intergenic spacer regions identified tribe Gnaphalieae as its closest relative (Bayer & Starr, 1998; Liu & al., 2002) , while other datasets provided different hypotheses about the phylogenetic position of Senecioneae within the subfamily (Kim & al., 1992; Liu & al., 2002; Panero & Funk, 2002; Funk & al., 2005) or were inconclusive (Kim & al., 1992; Kim & Jansen, 1995) . With low support values in the basal portion of the trees, our results are inconclusive regarding the relationships between Senecioneae and other tribes in subfamily Asteroideae (sensu Funk & al., 2005) .
On the basis of its morphology, cytology, and the presence of pyrrolizidine alkaloids, the mainly central and western Eurasian genus Doronicum has, until recently, been regarded as a member of Senecioneae (Cassini, 1819; Nordenstam, 1977; Bohlmann & Grenz, 1979; Jeffrey & Chen, 1984; Bremer, 1994; Álvarez Fernández & al., 2001) . MP places this genus as sister to the remainder of Senecioneae, which was also suggested by analyses of ndhF (Álvarez Fernández & al., 2001) . Similar to these studies, bootstrap support for this hypothesis is low ( < 50% ; Fig.  1A) ; relationships among Doronicum, Inuleae, and Senecioneae are unresolved in the BI consensus cladogram (Fig. 3A) . Using ITS data, Goertzen & al. (2003) , however, showed that Doronicum is only distantly related to Senecioneae and is closer to tribes Astereae and Gnaphalieae. Panero (2005) placed this genus in a monotypic tribe Doroniceae and suggested affinities to Calenduleae on the basis of unpublished analyses of plastid DNA sequences. Unfortunately, our analyses could neither support nor re- ject these hypotheses regarding alternative phylogenetic positions of Doronicum. Thus, the tribal affiliation of this genus remains uncertain. Subtribal classification. -Traditionally, taxa of Senecioneae were classified on the basis of shared resemblance of morphological characteristics, including both macromorphological characters (e.g., leaf shape and presence or absence of a calyculus) and micromorphological characters (e.g., anther and stigma shape). This approach has led to widely different interpretations of the delimitation of subtribes, genera, and sections in the tribe (e.g., Cassini, 1819; De Candolle, 1838; Jeffrey, 1992; Nordenstam, 2007) . The genera of Senecioneae were more recently classified into three subtribes: Blennosperma tinae, Senecioninae, and Tussilagininae (Bremer, 1994; Panero & al., 1999; Bain & Golden, 2000) , although some authors have recognized additional subtribes such as Abrotanellinae, Adenostylinae (e.g., Robinson & al., 1997) , Othonninae (e.g., Hoffmann, 1890; Ornduff & al., 1963) , and Tephroseridinae (Jeffrey & Chen, 1984) .
The small subtribe Blennospermatinae (sensu Bremer, 1994) is composed of three or four genera of small, annual or perennial herbs that have a biseriate involucre. When present, the ray florets usually lack a tube. The pappus is absent in this subtribe, or composed of a few bristles or teeth. The basic chromosome number is x = 7, 8 or 9. In our molecular phylogenies, the three genera that form the core of Blennospermatinae (Blennosperma, Crocidium, Ischnea) form a monophyletic group that is nested within a large clade composed of species traditionally assigned to subtribe Tussilagininae (Fig. 1B) . Abrotanella, the fourth genus that has been frequently placed in Blennosperma tinae (Nordenstam, 1977; Bremer, 1994) , was excluded from this subtribe by Robinson & al. (1997) and placed in the monotypic subtribe Abrotanellinae on the basis of differences in, amongst others, habit, size of the pollen grains, and texture and shape of the corolla. In addition, Abrotanella is distinguished from Blennosperma, Crocidium, and Ischnea by the absence of ray flowers. The basic chromosome number in Abrotanella is x = 9. Our analyses indicate that Abrotanella is distantly related to these three genera, which agrees with previous studies (Swenson & Bremer, 1999; Wagstaff & al., 2006 areas, and the basic chromosome number is frequently x = 30. Most species usually assigned to Tussilagininae occur in two clades in our molecular phylogenies. The first clade (1), informally named Tussilagininae s.str., is composed of 31 genera that are considered characteristic elements of the subtribe, such as Ligularia, Parasenecio, Petasites, and Tussilago (Figs. 1B, C) . In addition, the Tussilagininae s.str. clade contains three genera previously considered to form Blennospermatinae. Also the three genera that comprise Jeffrey & Chen's (1984) subtribe Tephroseridinae (Nemosenecio, Sinosenecio, Tephroseris) are nested within the Tussilagininae s.str. clade. Jeffrey & Chen (1984) removed these three genera from Tussilagininae and placed them in a new subtribe based mainly on their aberrant chromosome number of n = 24 (Jeffrey & Chen, 1984) , although the Tephroseridinae are hardly distinguishable from Tussilagininae in other features (Bremer, 1994) . Also, the reported chromosome numbers in the three genera (n = 23, 24 in Sinosenecio, 10, 20, 24 in Nemosenecio, 9, 13, 14, 17, 18, 19, 20, 22, 23, 24, 25, 32, 36, 40, 48 in Tephroseris; Ishikawa, 1916; Afzelius, 1924; Rutland, 1941; Sokolovskaia & Strelkova, 1948; Arano, 1962 Arano, , 1964 Arano, , 1968 Arano, , 1970 Arano, , 1975 Zhukova, 1964 Zhukova, , 1965 Zhukova, , 1967 Koyama, 1965; Ornduff & al., 1967; Packer & McPherson, 1974; Löve & Löve, 1975; Taniguchi & al., 1975; Krogulevich, 1978; Murin & Majovsky, 1978; Skalinska & al., 1978; Choudry & al., 1980; Uhrikova & Majovsky, 1980; Magulaev, 1982; Krogulevich & Rostovtseva, 1984; Lavrenko & Serditov, 1987; Zhukova & Petrovsky, 1987; Krach, 1988; Lavrenko & al., 1988 Lavrenko & al., , 1989 Volkova & Boyko, 1989; Krahulcova, 1990; Kochjarova, 1997; Lövkvist & Hultgård, 1999) genus Chersodoma in subtribe Senecioninae, where it is anomalous in having a "tussilaginoid" endothecium and filament collar. The phylogenetic position of Chersodoma remains elusive, as it is sister either to the Tussilagininae s.str. clade or the Senecio medley-woodii-Brachyglottis clade (ITS data; Fig. 1A , Table 1 ). Additionally, Doronicum is usually assigned to Tussilagininae on the basis of its chromosome number (x = 30; Bremer, 1994) . However, Doronicum is either sister to the remainder of the tribe (Fig. 1A) or should be excluded from it. Genera assigned to subtribe Senecioninae (sensu Bremer, 1994) typically have radiate and yellow capitula with a calyculate involucre. This tribe is further characterized by balusterform filament collars, radial endothecial tissue, style branches with two separate areas of stigmatic tissue, and a basic chromosome number of x = 10. Bremer's (1994) Senecioninae of 68 genera includes those that have been placed in subtribe Othonninae by others (e.g., Bentham, 1873a; Hoffmann, 1890; Ornduff & al., 1963) . Othonninae is characterized by generally undivided styles, usually connate involucral bracts, and absence of a calyculus. Five genera that can be considered as the core of this subtribe (Euryops, Gymnodiscus, Hertia, Lopholaena, Othonna) form the sister group of the remainder of Bremer's Senecioninae in our ITS trees (Figs. 1A, E) . We therefore recognize Othonninae as a subtribe. The geographical distribution and morphology of a number of small African genera (e.g., Cadiscus, Stenops, Oligothrix, Bafutia) suggest that they may also belong to this subtribe (Table 4 in Electronic supplement), however, we were unable to include them in this study. Subtribe Senecioninae, as defined here, is the largest subtribe in Senecioneae of which representatives of 64 of 85 to 91 genera (70%-75%) were included in our analyses. It includes a clade formed by the five genera of "The Quadridentate Group" of Jeffrey (1992) or subtribe Adenostylinae sensu Robinson & al. (1997; Adenostyles, Caucasalia, Dolichorrhiza, Iranecio, Pojarkovia ; Figs. 1F, 2) . This generic assemblage is characterized by the presence of a four-lobed disc-floret corolla.
In summary, we propose to continue to recognize subtribes Abrotanellinae, Othonninae, and Senecioninae (excluding Senecio medley-woodii, S. pyramidatus, S. scaposus and allied species). Because of the nested position of Blennospermatinae s.str. and Tephroseridinae in Tussilagininae and Adenostylinae in subtribe Senecio ninae, we recommend abolishing the recognition of these generic assemblages on a subtribal level. Our findings further indicate that Tussilagininae may need to be split into three or four subtribes (Brachyglottidinae, Chersodominae, Tussilagininae, and, if considered to be part of Senecioneae, Doronicinae) to produce monophyletic subtribes for tribe Senecioneae. However, more data are needed before these taxonomic changes should be formally made. Table  4 (Electronic supplement) presents a list of the 114 genera included in our studies and their affiliation to subtribes or the main clades outlined above. This Table also contains the genera that could not be included in the studies presented here and their presumed affiliations based on morphology, distribution, and karyology.
Intergeneric relationships within major lineages of Tribe Senecioneae. -Although many generic alliances below the subtribal level have been hypothesized on the basis of morphological and karyological data (e.g., Jeffrey & al., 1977; Nordenstam, 1978; Jeffrey, 1979 Jeffrey, , 1986 Jeffrey, , 1992 , few have been studied in a broader phylogenetic context. As a consequence, information about intergeneric relationships is scarce and highly fragmented. In fact, the most comprehensive phylogenetic study of Senecioneae included only 22 genera out of a total of ca. 150 (ca. 15%; Pelser & al., 2002) . Thus the phylogeny of Senecioneae is known much more poorly than that of most other tribes in Asteraceae. The longstanding lack of knowledge about intergeneric relationships in Senecioneae is partly due to its large size, conflicting clues from morphological and karyological evidence, and the absence of a good delimitation of Senecio itself (Bremer, 1994) . We analyzed DNA sequence data for 114 of the ca. 150 genera in tribe Senecioneae (76%) including a large number of Senecio species to identify patterns of relationships within the tribe. This was used as the basis for comparison to previous taxonomic treatments, to interpret morphological and karyological data, and to infer biogeographical patterns. In addition to placing Abrotanella, Chersodoma, and Doronicum in the basal portion of the tree (Figs. 1A, 2) , the phylogenetic analyses identified several large clades detailed below.
Tussilagininae s.str. -The Tussilagininae s.str. clade (Figs. 1B, C) is composed of four subclades. Endocellion, Homogyne, Petasites, and Tussilago form a well-supported subclade whose members have a predominantly northern temperate/boreal distribution in Eurasia with a few representatives in North America. The MP analyses of the ITS data suggest, with low bootstrap support, that this clade may be sister to the remainder of the Tussilagininae s.str. clade (Fig. 1B) . However, the BI analyses of ITS data (Fig. 3B ) suggest a position sister to an exclusively New World clade. This New World clade is well supported by ITS, plastid, and combined data (Figs. 1B, 2 ) and contains two subclades of which one is composed of the South American genera Aequatorium, Gynoxys, Nordenstamia, and Paragynoxys. Together with Paracalia (for which DNA sequences were not available for this study), these four genera form a major part of the "Gynoxyoid" group (Jeffrey, 1992; Robinson & al., 1997) . While most genera placed in subtribe Tussilagininae have chromosome numbers of n = 30 or derivatives thereof, the "Gynoxyoid group" is characterized by n = ca. 40 (Robinson & al., 1997) . The sister clade of the gynoxyoids is formed by eight genera from Central and North America (e.g., Arnoglossum, Pittocaulon, and Roldana). A third subclade of Tussilagininae s.str. also has a mainly New World distribution, and is comprised of Cacaliopsis, Lepidospartum, Luina, Rainiera, and Tetradymia. These North American genera form a well-supported clade with the three Blenno spermatinae s.str. genera (Blennosperma from South and North America, Crocidium from North America, and Ischnea from New Guinea). The fourth subclade, the Ligularia-Cremanthodium-Parasenecio complex (Liu & al., 2006; Figs. 1B, C) , is largely Asian and is composed of 11 genera. The relationships within this clade have been studied by Liu & al. (2006) using ITS, ndhF, and trnL-F sequences. Both their results and our analyses of an expanded dataset indicate that, although relationships within this clade are generally poorly supported, many of the genera in the complex are not mono-phyletic. One of the few assemblages within this clade that receives high support in our ITS trees is Jeffrey & Chen's (1984) Table 1 and Fig. 3, respectively. Bedfordia, Brachyglottis, Centropappus, Dolichoglottis, Haastia, Traversia, and Urostemon, which have been previously studied by Wagstaff & Breitwieser (2004) using ITS and 5′ trnK/ matK sequences. Our ITS analyses revealed that the South American genus Acrisione and the New Guinean endemic Papuacalia are also part of this Brachyglottis alliance. Surprisingly, another subclade in the Senecio medley-woodii-Brachyglottis clade is composed of three succulent species from Africa presently assigned to Senecio (S. medley-woodii, S. pyramidatus, S. scaposus). These species were previously thought to be closely related to another group of African and Madagascan succulents, and were together with some of these assigned to Senecio sect. Kleinioidei (DC.) Harv. (De Candolle, 1838; Harvey, 1865; Muschler, 1909; Jeffrey, 1992) . Closer investigation of their morphology, however, yields additional support for a position of the S. medley-woodii group among genera traditionally placed in 
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Tussilagininae instead of Senecioninae, in that all three species have anthers with a cylindrical filament collar and polarized endothecial cell walls. Together, with a few related taxa (such as S. haworthii ), they should constitute a new genus, the closest ally of which is probably Capelio, another South African genus with three species (Nordenstam, 2002 (Nordenstam, , 2003a . The monophyly of the Senecio medley-woodii-Brachyglottis clade is not supported by the plastid data, however, which instead indicates that the Senecio medley-woodii group is more closely related to Senecioninae than to Papuacalia (Fig. 2A) . This alternative phylogenetic position (BS value of 80%, PP of 1.00) indicates incongruence between the phylogenetic signal of the ITS and plastid datasets.
Othonninae. -Euryops and Othonna are the main elements of Othonninae (Fig. 1E) coriaceous leaves, and x = 10. The generic and species limits in this group are currently under investigation in connection with a taxonomic revision of Othonna s.l. (Nordenstam, in prep.) .
Senecioninae: Dauresia and the CissampelopsisCrassocephalum clade. -Our analyses indicate that the monotypic Namibian genus Dauresia has a basal position in subtribe Senecioninae. Analyses of the large ITS dataset are incongruent with regards to whether Dauresia is sister to the Cissampelopsis-Crassocephalum clade or to the Austrosynotis-Cineraria clade. Dauresia shares the caudate anthers and palmately veined leaves that characterize Jeffrey's "Synotoid" group (Jeffrey, 1979 (Jeffrey, , 1992 Nordenstam & Pelser, 2005) . This group contains 11 genera of which Cissampelopsis, Synotis, Hubertia, Faujasia, and Eriothrix were included in our analyses. Although the latter three are found in a much different phylogenetic position in Senecioninae (Fig. 1K ), Cissampelopsis and Synotis comprise one of the two basal subclades in the Cissampelopsis-Crassocephalum clade in our ITS trees. This is congruent with morphological evidence, suggesting a position of Dauresia close to Cissampelopsis and Synotis. In the ITS trees, Arrhenechthites, Crassocephalum, Dendrocacalia, Erechtites, three Senecio species, and the Senecio s.str. clade form the well supported sister clade of the Cissampelopsis-Synotis group (Fig. 1F) .
All but three of the Senecio species that are part of the Cissampelopsis-Crassocephalum clade in the ITS trees occur in a subclade referred to here out as the Senecio s.str. clade. The latter clade is strongly supported by all our datasets (95-100% BS, PP of 1.00; Figs. 1F, 2). Nested in this clade of predominantly Senecio species are the genera Aetheolaena, Culcitium, Hasteola, Iocenes, Lasiocephalus, and Robinsonia (Fig. 1H, I ). ITS data resolve the Senecio s.str. clade to be most closely related to either Erechtites and Crassocephalum (MP analyses of ITS dataset; (Fig. 1F) , although this position is weakly supported. The succulent genus Kleinia is most closely related to the non-or subsucculent Gynura and Solanecio. The clade composed of these three genera is characterized by drusiform crystals in the ovary wall and discoid capitula, and was termed the "Gynuroids" by Jeffrey (1979 Jeffrey ( , 1986 Jeffrey ( , 1992 . In the ITS trees, the SolanecioKleinia clade is nested in a group of succulent species that are most commonly placed in sections Kleinioidei, Peltati, Rowleyani, and Scandentes of Senecio ( Fig. 1J ; De Candolle, 1838; Harvey, 1865; Muschler, 1909; Jeffrey, 1986 Jeffrey, , 1992 ; although some have also been placed in Kleinia (De Candolle, 1838) and/or Curio (Heath, 1997 (Heath, , 1999 , and previously in Notonia or Notoniopsis. These species form, together with Gynura, Kleinia, and Solanecio, a well-supported clade (Fig. 1J) . We consider this largely succulent clade an expansion of Jeffrey's "Gynuroids" (Jeffrey, 1986 (Jeffrey, , 1992 , and therefore refer to it as the "Gynuroid clade." In the ITS trees, the "Gynuroid clade" is sister to a clade formed by Adenostyles, Caucasalia, Dolichorrhiza, Iranecio, and Pojarkovia, which was recognized as the "Quadridentate Group" by Jeffrey (1992) or subtribe Adenostylinae by Robinson & al. (1997) .
Another alliance identified with ITS data is a largely New World clade of genera: the Faujasia-Oldfeltia clade (Figs. 1F, K) . This clade is characterized by relatively high chromosome numbers: n = (40-)45-50(-54) for Dendrophorbium, Dorobaea, Graphistylis, Jessea, Misbrookea, Pentacalia, Pseudogynoxys, Senecio adamantinus, S. hemmendorffii, S. otites, Werneria, and Xenophyllum (Diers, 1961; Beaman & Turner, 1962; Turner & al., 1962 Turner & al., , 1967 Heiser, 1963; Turner & King, 1964; Coleman, 1968 Coleman, , 1970 Powell & King, 1969a; Powell & Cuatrecasas, 1975; Dillon & Turner, 1982; Strother, 1983; Jansen & al., 1984; Sundberg & Dillon, 1986 , Sundberg & al., 1986 Waisman & al., 1986; Hunziker & al., 1990; Robinson & al., 1997) , although several Monticalia and Pentacalia species have the more typical Senecioninae chromosome number of n = 20 (Turner & al., 1967; Powell & King, 1969a, b; Powell & Cuatrecasas, 1970; Olsen, 1980; Jansen & al., 1984; Spooner & al., 1995; Robinson & al., 1997) and chromosome counts much higher than n = 45-50 have been published for Werneria (Diers, 1961) . The Faujasia-Oldfeltia clade is weakly supported in the MP analyses (BS < 50%) and its monophyly is not resolved in the plastid and combined trees. Although support values within the Faujasia-Oldfeltia clade are also generally low, several groups of taxa have higher support values and are also present in either or both of the plastid and combined trees. The Senecio arnaldii-Pseudogynoxys clade, for example, is supported with a bootstrap value of 98% and a posterior probability of 1.00 in the large ITS tree (Fig. 1K) Leonis, Lundinia, Mattfeldia, Nesampelos, Oldfeltia, and Zemisia ; cf. Nordenstam, 2006b ). Lineages of Monticalia and Pentacalia species are found in various parts of the Faujasia-Oldfeltia clade, indicating that these genera are in need of revision.
Low support values and incongruence between different datasets indicate that the affinities of many of the lineages that comprise the Austrosynotis-Cineraria clade in the ITS cladograms (Fig. 1F) are insufficiently known and in need of more study. This especially affects conclusions regarding the phylogenetic position of: Cineraria, Emilia, a portion of the taxa in the Faujasia-Oldfeltia clade, Pericallis, the clade formed by the genera that were assigned to subtribe Adenostylinae, Senecio lineatus, S. deltoideus, S. glaberrimus, and Senecio species allied with the latter two species, and Synotis (Figs. 1F, K, 2A) . These taxa have a much more basal position in subtribe Senecioninae in the plastid trees than that is indicated by the ITS trees.
A new delimitation for Senecio. -On the basis of morphological similarities, approximately 3,000 species were traditionally placed in Senecio s.l. (Jeffrey & al., 1977) . Later studies demonstrated that this concept was highly artificial (Bremer, 1994; Vincent, 1996) and that many species assigned to Senecio s.l. are, in fact, more closely related to species of other Senecioneae genera. Several authors have, therefore, removed putative monophyletic groups from Senecio s.l. to arrive at a more natural delimitation of Senecio s.str. (e.g., Robinson & Brettell, 1973a , b, c, d, 1974 Robinson, 1974; Nordenstam, 1978; Jeffrey & Chen, 1984; Jeffrey, 1986 Jeffrey, , 1992 . These genera include, for example, Dendrophorbium, Packera, and Pseudogynoxys. Despite these efforts, recent studies using molecular data illustrated that Senecio s.str. remains either para-or poly-phyletic (Bain & Jansen, 1995; Knox & Palmer, 1995; Knox, 1996; Swenson & Bremer, 1997 , 1999 Panero & al., 1999; Bain & Golden, 2000; Comes & Abbott, 2001; Pelser & al., 2002; Coleman & al., 2003; Swenson & Manns, 2003) . Our results confirm this, and due to our large sampling, allow us to make suggestions for taxonomic changes to create a monophyletic Senecio.
Eight species assemblages currently placed in Senecio s.l. are only remotely related to the core of Senecio-a clade composed of S. vulgaris, the type species of the genus, and its closely related species. This Senecio s.str. clade is well supported by the plastid and ITS data (Figs. 1F, G; 95-100% BS, PP of 1.00). For the following eight species assemblages, a distant relationship to Senecio s.str. is well supported in analyses of all four datasets. We are currently transferring these species assemblages from Senecio to other genera (Nordenstam & al., in prep.) .
(1) The S. medley-woodii-S. pyramidatus-S. scaposus clade (Figs. 1A, D, 2) is most distantly related to Senecio s.str. Its anthers, with a cylindrical filament collar and polarized endothecial cell walls, support its position among "tussilaginoid" genera rather than with members of subtribe Senecioninae. This succulent clade is morphologically very different from its putative sister group, which is most likely the clade of Brachyglottis and allied genera, and should be recognized as a new genus. On morphological grounds, the closest ally is postulated to be Capelio, a South African genus of three species (Nordenstam, 2002 (Nordenstam, , 2003a . The limits and contents of this genus are currently being investigated (Nordenstam & al., in prep.) .
(2) Another succulent Senecio group from Africa is part of the "Gynuroid clade" (Figs. 1F, J, 2) . These Senecio species are placed in two weakly supported clades, which form a grade with respect to the Solanecio-Kleinia clade (Fig. 1J) . Although some of its species may need to be transferred to Curio, more thorough analyses of the relationships in the "Gynuroid" clade are necessary before taxonomic changes should be made.
(3) Senecio saxatilis, the only species of the Indian Senecio sect. Madaractis (DC.) Hook. f. included in our studies, is placed in the Austrosynotis-Cineraria clade by the ITS data (Fig. 1F ). This section is mainly characterized by pappus characters. For example, the ray florets are epappose (Koyama, 1967) , and the pappus of the disc florets is shorter than the achenes (Koyama, 1969) . A more complete sampling of the ca. 19 species of this section will need to be conducted to determine if De Candolle's genus Madaractis should be resurrected or if S. saxatilis needs to be placed in a new genus.
(4) A group of eight Senecio species forms a grade with respect to Bethencourtia (syn. Canariothamnus B. Nord.; cf. Nordenstam, 2006c, d) and Jacobaea in the ITS trees (Fig. 1F) . It is composed of S. deltoideus, S. glaberrimus, S. latifolius, S. lineatus, S. pinifolius, S. retrorsus, S. triqueter, and S. scandens , which should be placed in several new genera. Except for S. scandens, which is distributed in southeast Asia, all species have a sub-Saharan African distribution. Six of these eight species have historically been linked taxonomically, and one or more of them have been referred to Senecio sects. Emilianthei Muschler (Muschler, 1909; Jeffrey, 1986) 
Chen (Jeffrey & Chen, 1984; Jeffrey, 1986) , Glaberrimi DC. (De Candolle, 1838) , Lasiorhizi DC. (De Candolle, 1838) , Paucifolii Harv. (Harvey, 1865) , or Plantaginei Harv. (Jeffrey, 1992) . Other obviously unrelated species have also been assigned to these sections. Accessions of these species have different positions in our trees, e.g., frequently in Senecio s.str. The subclade consisting of S. glaberrimus, S. latifolius, and S. retrorsus is a minor portion of a species-rich African-Madagascan group in need of recognition as a new genus (Nordenstam & al., in prep.) . They are perennial herbs with a thick subterranean caudex and have a characteristic involucral and floral morphology. Two species in this assemblage, S. pinifolius and S. triqueter, constitute sect. Pinifolii DC. They are morphologically distinct, being erect glabrous shrubs with imbricate needle-like leaves. As far as we know, a close relationship between these and the other six species in the grade has never been proposed.
(5) Our data support a close relationship of the South American S. arnaldii to Misbrookea and related South and Central American genera (Figs. 1K, 2) . Senecio arnaldii is the only representative of sect. Senecio ser. Lomincola H. Beltran & Galan de Mera (Beltran Santiago & Galan de Mera, 1996) included in our studies. A closer examination of its morphology and affinities within the S. arnaldiiPseudogynoxys clade will be necessary to decide if S. arnaldii should be included in another genus or a new genus.
(6) Senecio otites from Chile is affiliated with genera in the Faujasia-Oldfeltia clade of the ITS trees (Fig. 1K) and has a basal position on a South American branch with Graphistylis (endemic to Nordenstam, 1978) and Dendrophorbium (wide Andean distribution). Although this member of the monospecific sect. Otites Cabr. (Cabrera, 1949; Jeffrey, 1992 ) is clearly too distantly related to Senecio s.str. to remain included in it, a larger taxon sampling focused on identifying the closest relatives of S. otites is needed to resolve its generic affiliation.
(7) Senecio ayopayensis and S. subnemoralis are found nested in Dendrophorbium (Figs. 1K, 2) . Together with species currently assigned to Dendrophorbium, they have been included in Senecio sect. Dendrophorbium Cuatrec. (Cuatrecasas, 1951) , sect. Myriocephali Cabr. (Cabrera, 1957) , sect. Pluricephali Cabr. (Cabrera, 1939; Hind, 1993) , and sect. Senecio ser. Myriocephali (Cabr.) Cabr. (Cabrera, 1985) . Thus, their close association with Dendrophorbium is not unexpected. Both species fit within the circumscription of Dendrophorbium and are best regarded as members of this genus. The formal transfers are currently underway (Nordenstam & al., in prep.) . (8) The phylogenetic position of the clade formed by S. adamantinus, S. hemmendorffii, and S. stigophlebius in the Faujasia-Oldfeltia clade of the ITS trees is not well supported (Fig. 1K) . Senecio adamantinus and S. stigophlebius are the only representatives of Senecio sect. Adamantina Cabr. (Cabrera, 1957; Hind, 1993) in our analyses. Senecio hemmendorffii is the only accession of sect. Paranaia Cabr. (Cabrera, 1957; Hind, 1993) studied. Both sections are small (ca. six and four species, resp.) and endemic to Brazil. Morphological studies are needed to determine the taxonomic status of this assemblage.
In addition to these eight species assemblages, the species that comprise the predominantly western Eurasian Senecio sect. Jacobaea (sensu Pelser & al., 2004) form a clade that is only distantly related to Senecio s.str. (Pelser & al., 2002) . Following the decision to reinstate the genus Jacobaea for Senecio sect. Jacobaea (Nordenstam, 2006a; Nordenstam & Greuter, 2006; Pelser & al., 2006) , these species are included as members of Jacobaea in this paper (Fig. 1F) . Although Jacobaea is distinguished from Senecio s.str. and other genera in Senecioneae by DNA sequence characters (Pelser & al. 2002) , clear morphological synapomorphies for Jacobaea have not been identified to date.
Apart from Jacobaea and the eight other species assemblages that are only distantly related to Senecio s.str., three Senecio species remain that are more closely related to Senecio s.str., but not included within it. All of our datasets indicate that S. thapsoides from southeastern Europe is more closely related to other genera (including, somewhat surprisingly, Arrhenechthites) than to Senecio s.str. (Figs. 1F, 2) . This species should, therefore, be excluded from Senecio. The ITS trees are less clear about the position of S. engleranus and S. flavus, two morphologically similar and mainly African species. The BI analyses of the ITS data place this clade sister to Senecio s.str. (Fig. 1F, Table 1 ), however the MP analyses place it in a more basal position in the CissampelopsisCrassocephalum clade (Fig. 1F) ; although bootstrap support for this position is lacking. Of these two species, plastid sequences were generated only for S. flavus. This species is known to hybridize with S. glaucus (Liston & al., 1989; Liston & Kadereit, 1995; Coleman & al., 2001 Coleman & al., , 2003 Comes & Abbott, 2001; Kadereit & al., 2006) , a species that is placed in Senecio clade A, which is deeply nested in Senecio s.str. and closely related to Senecio vulgaris (Fig. 1I ). This hybridization event has resulted in introgression of plastid DNA from S. glaucus into S. flavus. This is reflected in our plastid trees, which place S. flavus inside Senecio s.str. and sister to S. viscosus and S. vulgaris ( Fig. 2A) . Because of hybridization between S. flavus and a core member of Senecio s.str., the position of S. engleranus and S. flavus in the BI ITS tree, and the morphological similarities shared between these species and other members of Senecio s.str., we propose to retain these two species in Senecio.
Although Senecio s.str. is predominantly composed of species currently assigned to Senecio, all four datasets show that six other genera are deeply nested in this clade (Figs. 1H, I ). One of them is Robinsonia, represented in our ITS analyses with six of seven known species. Five of these form a well supported clade, sister to a group of South American Senecio species, but R. berteroi appears to be more closely related to other taxa in the Senecio s.str. clade than to the other Robinsonia species. This is also reflected by its divergent morphology. Even though this species resembles other Robinsonia species endemic to the Juan Fernandez Islands, in having a tree-like habit and being dioecious, it differs markedly in floral characters (Skottsberg, 1956; Sanders & al., 1987) . This has motivated some taxonomists to place R. berteroi in the monotypic genus Rhetinodendron (e.g., Skottsberg, 1956) .
Additionally, Aetheolaena, Culcitium, and Lasiocephalus are nested in Senecio s.str. (Figs. 1H, 2) . These genera have an Andean distribution and are different from most Senecio species by having nodding discoid capitula with more and larger calycular bracts, giving the involucrum the appearance of being composed of multiple series of involucral bracts (Cuatrecasas, 1978; Nordenstam, 1978) . In addition, Aetheolaena and Lasiocephalus do not have the pure yellow flowers that are typical for most species placed in Senecio. Instead their flowers are off-white to greenish-yellow (Nordenstam, 1978) . Furthermore, their style branches are appendaged (Cuatrecasas, 1978; Nordenstam, 1978) . Some authors (Cuatrecasas, 1978; Jeffrey, 1992) treat Aetheolaena and Lasiocephalus as synonymous, under the latter generic name. Both Culcitium and Lasiocephalus generally have large capitula (Cuatrecasas, 1950; Nordenstam, 1997) . Many species of Aetheolaena, Culcitium, and Lasiocephalus were originally described under Senecio, and the existence of Andean species with a morphology that is intermediate between these three genera and Senecio shows the close evolutionary relationships among them. Some taxonomists regarded the characters used to separate Culcitium from Senecio as adaptations to the high elevations in the Andes (Cuatrecasas, 1950) , and merged Culcitium with Senecio (e.g., Cuatrecasas, 1950 Cuatrecasas, , 1951 . In fact, some other lineages outside of Senecio s.str. exhibit similar adaptations to this extreme habitat. Cremanthodium, for instance, is a genus restricted to high altitudes in the Himalayas. Just like Culcitium, it has large, nodding, and often solitary capitula and could be regarded as a high elevational form of Ligularia (Koyama, 1967) . Likewise, the species of Dendrosenecio, at high elevations in the mountains of East Africa, have pendulous capitula with often a seemingly biseriate involucre (Knox & Kowal, 1993) . High altitude members of the Andean genus Pentacalia also show this "Culcitoid" involucre (Cuatrecasas, 1978) . In addition, the loss of ray florets may be considered an adaptation to high altitudes, also found in Aetheolaena, Culcitium, Dendrosenecio, and Lasiocephalus (Knox, 1996) .
Hasteola and Iocenes are also nested within Senecio s.str. (Figs. 1H, 2) . The two species of Hasteola have an eastern North American distribution and the monotypic Iocenes grows in southern Chile and Argentina. Hasteola has discoid capitula, which are white to green, or rarely pinkish. In the ITS trees, Hasteola falls within a North American clade that includes several vegetatively similar species assigned to Senecio sects. Triangularis C. Jeffrey and Amplectentes Greenm. Iocenes has white ray florets, an appendaged style, and an endothecium described as "transitional" by Nordenstam (1978) . However, a re-examination of this feature using better preparations shows the presence of a radial endothecium, as in all members of Senecio s.str. It should also be noted that the style appendage is not a cellular structure, but merely a thin penicillate hair. Iocenes is part of a South American clade that includes members of sects. Haplostichia (Phil.) Cabr., Hualtata Cabr., and Hualtatini Cabr., that exhibit some resemblance to Iocenes in vegetative morphology.
Aetheolaena, Culcitium, Hasteola, Iocenes, Lasiocephalus, and Robinsonia are different from most Senecio species in characters that are sometimes considered to be important at the generic and even subtribal level, such as habit, life history strategy, the presence or absence of ray florets, flower color, and the presence or absence of a pencil-like appendage on the style. When some level of homoplasy in these characters is accepted, and evidence from other morphological characters, molecular data, and karyology is considered, all six genera are acceptable as elements of a newly circumscribed Senecio. The nested position of these six genera within Senecio s.str. is well supported by ITS, plastid, and combined data. Furthermore, in all of these genera, chromosome counts of n = 20 have been recorded, which is the dominant chromosome number in the Senecio s.str. clade. On the basis of our results, we therefore propose a new delimitation of the genus Senecio. In our view, Senecio is composed of the Senecio s.str. clade, together with S. engleranus and S. flavus. It includes Aetheolaena, Culcitium, Hasteola, Iocenes, Lasiocephalus, and Robinsonia, and excludes Jacobaea and the eight species assemblages mentioned above. In its new delimitation, Senecio may contain ca. 1,000 species.
Senecio L. -Herbs, subshrubs, shrubs, or small trees with alternate (sometimes rosulate) leaves. Involucre campanulate or cup-shaped, calyculate; phyllaries uni-or bi-(rarely pluri-) seriate, free. Capitula radiate, disciform, or discoid; florets often yellow, sometimes white, green, pink, purple, or rarely blue. Anthers ecaudate; endothecial tissue radial; filament collar balusterform. Discfloret style with separated stigmatic areas; tips truncate with short sweeping-hairs, sometimes with a median hair pencil. Cypselas homomorphic, 8-12-ribbed, with papillate surface; carpopodium present. Pappus bristles numerous, slender, barbellate, white. Base chromosome number x = 10.
Distribution almost worldwide, but non-native in some regions, e.g., the West Indies.
Biogeographic patterns in Senecioneae. -In general, the distribution patterns of the taxa included in our analyses as inferred from the MP 50% majority rule consensus tree match the results of our phylogenetic analyses very well (Fig. 1) and similar patterns were also observed when the BI consensus tree was used for area optimization (results not shown). In fact, distribution data provide additional support for multiple clades that are poorly supported by DNA sequence data. The deeper nodes in Senecioneae were, however, reconstructed as highly polymorphic by our area optimization analyses, and therefore provide few clues as to the ancestral area of the tribe. Based on its position in subfamily Asteroideae, between tribes for which a (partly) sub-Saharan African ancestral area has been postulated (Funk & al., 2005) , Senecioneae may well have originated in sub-Saharan Africa. Irrespective of whether the tribe arose in Africa or not, our analyses indicate a strong African influence throughout its evolutionary history, predominantly for subtribes Senecioninae and Othonninae. Our analyses indicate that the lineage that gave rise to these two subtribes was a sub-Saharan element (Fig. 1A) , and that early diversifications that gave rise to the main groups in Senecio neae took place in this area (Fig. 1F) . From Africa, other continents seem to have been colonized multiple times independently. The Senecio s.str. clade also has a strong African base (Fig. 1G ). Perhaps because of the relatively dense taxon sampling within this clade, biogeographical patterns are especially clear in this part of the Senecioneae phylogeny. The area optimization analyses indicate that within Senecio s.str., Australia has been colonized on three different occasions, all with subSaharan Africa as the source area (Figs. 1G, I ). The New World may have been colonized only on two occasions by Senecio s.str. In both cases, South America was reached from Africa, and from there Central and North America were colonized on various occasions (Figs. 1G-I ).
Incongruence between ITS and plastid data. -ITS is a valuable marker for studying evolutionary relationships in tribe Senecioneae, with well supported clades throughout the resulting trees. Furthermore, clades are often corroborated by morphological, biogeographical, or karyological data, or by the results of analyses of the plastid or combined datasets. However, some patterns of relationship suggested by the ITS data are in conflict with patterns found in the plastid data, and therefore complicate conclusions regarding evolutionary relationships. This topological incongruence could be an effect of sampling error or systematic error. Sampling error caused by taxon sampling effects may, for example, be an explanation for the incongruence, because datasets 2 (ITS), 3 (plastid data), and 4 (combined ITS-plastid dataset) contain far fewer taxa than dataset 1 (the 643-taxon ITS dataset). In fact, this possibility is supported by the presence of topo logical incongruence between the cladograms obtained from the 73-taxon ITS dataset (not presented here) and the 643-taxon ITS dataset (Fig. 1) . When nodal support for one or both of the conflicting hypotheses is low, this could be caused by a lack of phylogenetic signal in either or both datasets. Low signal strength, however, can be excluded as a possible explanation where there are wellsupported clades in the ITS trees that are incongruent with well supported clades in the plastid cladograms. Apart from sampling error, systematic error could also be the underlying cause of the incongruence between the ITS and plastid cladograms. Because of the multi-copy nature and complex molecular evolution of ITS, orthology problems with ITS may be at the heart of the incongruence (Álvarez Fernández & Wendel, 2003) . However, incongruence between biparently and maternally inherited markers may also be indicative of hybridization, lineage sorting effects, or rapid diversification (Wendel & Doyle, 1998) . As a first step in distinguishing between sampling error and systematic error as explanations for the incongruence between the ITS and plastid datasets, a plastid dataset that includes a larger selection of Senecioneae taxa is required (Pelser & al., in prep.) . This would not only be helpful by reducing the impact of taxon sampling effects, but would also provide a more precise identification of the lineages involved in the incongruence, and more information about the patterns and scale of the incongruence and its significance for understanding evolutionary relationships in the tribe. 
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